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(54) LIQUID CRYSTAL DISPLAY DEVICE AND ELECTRONIC EQUIPMENT USING SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the liquid crystal 
display device which can make displays entirely on both the 
surfaces without using two liquid crystal display panels. 
SOLUTION: This device is equipped with a 1st reflecting 
polarizer 18 which is arranged on both the sides of one 
surface of a liquid crystal cell 22, a 2nd reflecting polarizer 42, 
which is arranged on the other surface side, a 1st absorption 
type polarizer 14 which is arranged on the external surface 
side of the 1st reflecting polarizer 18, a 2nd absorption type 
polarizer 46 which is arranged on the external surface side of 
the 2nd reflecting polarizer 42, and a light guide plate 52 
which is arranged on the most external surface side between 
the sides of the liquid crystal cell. The 1st reflecting polarizer 
18 reflects polarized light having a plane of polarization in a 
1st reflection axis direction and transmits polarized light 
having a plane of polarization in a 1st transmission axis 
direction different from the 1 st reflection axis direction. The 
2nd reflecting polarizer 42 reflects polarized light in a 2nd 
reflection axis direction and transmits polarized light in a 2nd 

transmission axis direction different from the 2nd reflection axis direction. The 1st absorption type 
polarizer 14 has an axis of transmission nearly parallel to the 1st axis of transmission and the 2nd 
absorption type polarizer 46 has an axis of transmission nearly parallel to the 2nd axis of 
transmission. 
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A. Relevance of the above-identified Document 

This document has relevance to claims 1 and 2 of 
the present application. 

B. Translation of the Relevant Passages of the Document 
[CLAIMS] 

[CLAIM 1] 

A liquid crystal display apparatus, comprising: 
a liquid crystal cell in which liquid crystal is sealed 
in between a pair of substrates, transparent electrodes 
being respectively provided on inner surfaces of the 
substrates; 

a first reflective polarizer provided on a side of one 
surface of the liquid crystal cell, said first reflective 
polarizer reflecting polarized light having a plane of 
polarization in a first reflection axis direction and 
transmitting polarized light having a plane of polarization 
in a first transmission axis direction that is different from 
the first reflection axis direction; 

a second reflective polarizer provided on a side of 
the other surface of the liquid crystal cell, said second 
reflective polarizer reflecting polarized light having a 



2 Tokukai 2000-193956 



plane of polarization in a second reflection axis direction 
and transmitting polarized light having a plane of 
polarization in a second transmission axis direction that 
is different from the second reflection axis direction; and 

a substantially transparent light guide plate 
provided on an outermost side of either one of the 
surfaces of the liquid crystal cell, the light guide plate 
emitting light toward the liquid crystal cell. 

[CLAIM 2] 

The liquid crystal display apparatus as set forth in 
claim 1, further comprising: 

a first absorptive polarizer provided on a side of an 
outer surface of the first reflective polarizer, said first 
absorptive polarizer having a transmission axis 
substantially parallel to ( the first transmission axis; 
and/or 

a second absorptive polarizer provided on a side of 
an outer surface of the second reflective polarizer, said 
second absorptive polarizer having a transmission axis 
substantially parallel to the second transmission axis. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0008] 

[MEANS TO SOLVE THE PROBLEMS] 

(1) A liquid crystal display apparatus of the present 
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invention is arranged so as to include a liquid crystal cell 
in which liquid crystal is sealed in between a pair of 
substrates, transparent electrodes being respectively 
provided on inner surfaces of the substrates; a first 
reflective polarizer provided on a side of one surface of the 
liquid crystal cell, the first reflective polarizer reflecting 
polarized light having a plane of polarization in a first 
reflection axis direction and transmitting polarized light 
having a plane of polarization in a first transmission axis 
direction that is different from the- first reflection axis 
direction; a second reflective polarizer provided on a side 
of the other surface of the liquid crystal cell, the second 
reflective polarizer reflecting polarized light having a 
plane of polarization in a second reflection axis direction 
and transmitting polarized light having a plane of 
polarization in a second transmission axis direction that 
is different from the second reflection axis direction; and 
a substantially transparent light guide plate provided on 
an outermost side of either one of the surfaces of the 
liquid crystal cell, the light guide plate emitting light 
toward the liquid crystal cell. 
[0009] 

Note that, the side of the outer surface indicates the 
side that is farther from the liquid crystal cell. 
[0010] 
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With the present invention, the first reflective 
polarizer is provided on one side of the liquid crystal cell, 
and the second reflective polarizer is provided on the 
other side of the liquid crystal cell. Therefore, if the side 
of the first reflective polarizer is used as a display surface, 
the liquid crystal display apparatus is a reflective type 
liquid crystal display apparatus that uses the second 
reflective polarizer as a reflecting plate. On the other 
hand, if the side of the second reflective polarizer is used 
as a display surface, the liquid crystal display apparatus 
is a transmissive type liquid crystal display apparatus 
that uses the first reflective polarizer as a reflecting plate. 
As described above, according to the present invention, it 
is possible to obtain a reflective type liquid crystal display 
apparatus that can display to both sides. Further, the 
first and second reflective polarizers can mostly reflect 
polarized light having a plane of polarization in a 
predetermined position. Therefore it is possible to achieve 
a bright liquid crystal display apparatus of a reflective 
type. 

[0011] 

Further, the liquid crystal display apparatus of the 
present invention can show a display using light guided 
by the light guide plate, even if there is no external light. 
Further, since the light guide plate is substantially 
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transparent, the liquid crystal display apparatus can be a 
double-side display type liquid crystal display apparatus 
that can display to an either side of the liquid crystal cell, 
even if the display is shown using the light guide plate. 
Further, the liquid crystal display apparatus can be also 
used as a reflective type liquid crystal display apparatus 
that does not use light from the light guide plate. 
[0012] 

Further, it is possible to obtain a reflective type 
liquid crystal display apparatus that can perform the 
double-side display using one liquid crystal cell, thereby 
reducing the number of members, weight, and thickness 
of the liquid crystal display apparatus compared with the 
liquid crystal display apparatus that performs the 
double-side display using two liquid crystal display panels. 
Further, the liquid crystal display apparatus of the 
present invention is a reflective type liquid crystal display 
apparatus in which the reflective polarizer entirely over a 
surface of the liquid crystal cell is provided on each of 
both the surfaces of the liquid crystal cell, and serves as 
the reflecting plate. Therefore it is possible to perform the 
double-side display over the entire surfaces of the liquid 
crystal cell. 

[0013] 

(2) More preferably, the liquid crystal display 
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apparatus of the present invention is arranged so as to 
include a first absorptive polarizer provided on a side of 
an outer surface of the first reflective polarizer, the first 
absorptive polarizer having a transmission axis 
substantially parallel to the first transmission axis; 
and/or a second absorptive polarizer provided on a side of 
an outer surface of the second reflective polarizer, the 
second absorptive polarizer having a transmission axis 
substantially parallel to the second transmission axis. 
[0014] ■ 

Here, the absorptive polarizer is a polarizer that 
transmits polarized light having a plane of polarization in 
a transmission axis direction and transmits polarized 
light having a plane of polarization in an absorption axis 
direction that is different from the transmission axis 
direction. 

[0015] 

According to the liquid crystal display apparatus of 
the present invention, an absorptive polarizer, namely, the 
first absorptive polarizer or the second absorptive 
polarizer, is provided on a side of the outer surface of 
either one of the first and second reflective polarizers, and 
the transmission axis of the absorptive polarizer is 
substantially parallel to the adjacent reflective polarizer, 
namely, the first or second reflective polarizer. 
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Consequently, the absorptive polarizer directly transmits 
polarized light that the reflective polarizer transmits, and 
absorbs polarized light that is to be reflected by the 
reflective polarizer if it were not for the absorptive 
polarizer. Therefore the absorptive polarizer can absorb a 
polarized light component which becomes reflection light 
and declines display contrast in a case where unpolarized 
light directly enters the reflective polarizer in an 
arrangement where the absorptive polarizer is not 
provided. Therefore, when the side on which the 
absorptive polarizer is provided is used as the display 
surface, it is possible to improve the display contrast, 
prevent unnecessary reflection, and realize a display that 
can be easily seen. 

[EMBODIMENTS] 
[0048] 

<Operation of the liquid crystal display apparatus 
when used as a self-luminous typo 

With reference to Figure 5, the following will explain 
the operation of the liquid crystal display apparatus 10 
formed as described above when used as a self-luminous 
type in dark surroundings. Note that, Figure 5(A) on the 
left side of Figure 5 shows a switching state where the 
liquid crystal cell 22 rotationally polarizes by 90 degrees a 
plane of polarization of transmitting light. Figure 5(B) on 
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the right side of Figure 5 shows a switching state where 
the liquid crystal cell 22 does not rotationally polarize the 
plane of polarization of transmitting light. Further, in 
Figure 5 and similar drawings, an asterisk mark indicates 
unpolarized light; an arrow mark that indicates both right 
and left directions indicates polarized light having a plane 
of polarization parallel to the paper surface or a 
polarization splitting element having an axis direction 
parallel to the paper surface; and a circled black dot mark 
indicates polarized light . having a plane of polarization 
perpendicular to the paper surface or a polarization 
splitting element having an axis direction perpendicular to 
the paper surface. 

[0050] 

As described above, in a case where the .liquid 
crystal display apparatus 10 is used as a self-luminous 
type where the surroundings are dark, when light from the 
light guide plate 52 enters, from a side of the first 
absorptive polarizer 14, a region of a switching state 
where the liquid crystal cell 22 rotationally polarizes light 
by 90 degrees, most of the light is reflected by the second 
reflective polarizer 42. Then, the light is output from the 
liquid crystal cell 22 to the side of the light guide plate 52 
after passing through in a reverse direction, a route 
through which the light entered. Therefore the region 



9 



Tokukai 2000-193956*, 



where the liquid crystal cell 22 rotationally polarizes light 
by 90 degrees shows a bright white display when viewed 
from the side of the liquid crystal cell 22 on which the 
light guide plate 52 is provided, and shows a dark display 
when the optical absorption layer 50 is removed and when 
viewed from the opposite side of the liquid crystal cell 22 
on which the light guide plate 52 is provided. 
[0051] 

Next, the following will explain a case where the 
liquid crystal display apparatus 10 is used as a 
self-luminous type where the surroundings are dark, and 
light 65 from the light guide plate enters, from a side of 
the first absorptive polarizer 14, a region of a switching 
state where the liquid crystal cell 22 does not rotationally 
polarize light, namely, the case shown in Figure 5(B). In 
this case, out of the entered external light 65, a polarized 
light component in an absorption axis 14A direction of the 
first absorptive polarizer 14 is absorbed by the absorptive 
polarizer 14; whereas a polarized light component in the 
transmission axis 14T direction of the first absorptive 
polarizer 14 transmits the first absorptive polarizer 14 
and exits from the first absorptive polarizer 14 as linearly 
polarized light 65a having a plane of polarization in the 
transmission axis 14T direction. The linearly polarized 
light 65a directly transmits the first reflective polarizer 18 
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having the transmission axis 18T substantially parallel to 
the transmission axis 14T of the first absorptive polarizer 
14, and passes through the liquid crystals cell 22 without 
being rotationally polarized. The linearly polarized light 
65a then transmits the scattering layer 38 where the light 
is scattered without changing the plane of polarization, 
and becomes linearly polarized light 65b. The linearly 
polarized light 65b transmits the second reflective 
polarizer 42 having a transmission axis 42T substantially 
parallel to the transmission axis 14T of the first 
absorptive polarizer 14, and transmits the second 
absorptive polarizer 46 having a transmission axis 46T 
substantially parallel to the transmission axis 42T of the 
second reflective polarizer 42. After this, the linearly 
polarized light 65b directly proceeds and does not return 
to the light incident side. 
[0052] 

As described above, in a case where the liquid 
crystal display apparatus 10 is used as a self-luminous 
type in dark surroundings, when light from the light guide 
plate 52 that is located on the side of the outer surface of 
the first reflective polarizer 18 enters, from the side of the 
first absorptive polarizer 14, the region of the switching 
state where the liquid crystal cell 22 does not rotationally 
polarize light, most of the light, except a component 
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absorbed by the first absorptive polarizer 18, transmits 
the second reflective polarizer 42 and the second 
absorptive polarizer 46 on the opposite side, and directly 
exits without returning to the incident side. Therefore the 
region of the switching state where the liquid crystal cell 
22 does not rotationally polarize light shows a dark 
display when viewed from the side of the liquid crystal cell 
22 on which the light guide plate 52 is provided, and 
shows a bright white display when the optical absorption 
layer 50 is removed and when viewed from the opposite 
side of the liquid crystal cell 22 on which the light guide 
plate 52 is provided. 

[0053] 

As explained above, the liquid crystal display 
apparatus 10 of the present embodiment when used as a 
self-luminous type in dark surroundings shows a display 
as described below. Namely, the region where the liquid 
crystal cell 22 rotationally polarizes light by 90 degrees is 
a bright white display area when viewed from the side of 
the liquid crystal cell 22 on which the light guide plate 52 
is provided, and is a dark display area when viewed from 
the opposite side of the liquid crystal cell 22 on which the 
light guide plate 52 is provided. Further, the region where 
the liquid crystal cell 22 does not rotationally polarize 
light by 90 degrees is a dark display area when viewed 
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from the side of the liquid crystal cell 22 on which the 
light guide plate 52 is provided, and is a bright white 
display area when viewed from the opposite side of the 
liquid crystal cell 22 on which the light guide plate 52 is 
provided. The liquid crystal display apparatus 10 of the 
present embodiment can display to both the sides when 
used as a self-luminous type in dark surroundings. 
[0072] 

<Electronic device provided with the liquid crystal 
display apparatus> 

Figure 9 is an outside view of a portable computer 
96 which is an electronic device that .uses as a display 
section, the liquid crystal display apparatus 10 of the 
present embodiment. The portable computer 96 is 
provided with the display section composed of the liquid 
crystal display apparatus 10 and an input section 98. The 
portable computer 96 can show a display when a cover 99 
that is provided with the display section is closed (not 
shown). In addition to the liquid crystal display apparatus 
10, the portable computer 96 is provided with various 
circuits such as a display information output source, a 
display information processing circuit, and a clock 
generating circuit, as well as a power supply circuit for 
supplying power to these various circuits (not shown). 
[0073] 
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Note that, the electronic device that incorporates 
the liquid crystal display apparatus 10 of the present 
embodiment is not limited to a portable telephone, a 
wristwatch, and a portable computer, and may be various 
electronic devices such as a portable telephone, a 
notebook computer, an electronic notebook, a pager, a 
calculator, a POS terminal, an IC card, and a mini disc 
player. 
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